The need to better understand the mechanisms underlying regional growth patterns is widely recognised. This paper argues that regional growth is partly a function of the value created through inter-organisational flows of knowledge within and across regions. It is proposed that investment in calculative networks by organisations to access knowledge is a form of capital, termed network capital, which should be incorporated into regional growth models. The paper seeks to develop a framework to capture the value of network capital within these models based on the spatial configuration and the nature of the knowledge flowing through networks.
Introduction
The sources of economic growth are increasingly considered to be based on the role that the production, distribution, and use of knowledge play within and across economies (Grossman and Helpman, 1994; Harris, 2001; Ibert, 2007; Zucker et al., 2007; Vaz and Nijkamp, 2009; Antonelli et al, 2011 ). The knowledge-based economy is generally considered to consist of the sphere and nexus of activities and resources centered on, and geared toward, innovation (Romer, 2007) . The innovation systems literature, in particular, pinpoints the flow of knowledge across organisations as a crucial factor for effective innovation (Lundvall, 1995; Freeman, 1987; Andersson and Karlsson, 2007; Cooke et al, 2011; Harris, 2011) .
Endogenous growth theory further stresses the role of knowledge as a key driver of productivity and economic growth, which departs from the traditional emphasis on the accumulation of physical capital (Aghion and Howitt, 1998; Lucas, 1988; Romer 1986 Romer , 1990 .
Theorists of economic development have increasingly drawn upon models of endogenous growth to better understand the factors underpinning such development. Endogenous growth theory generally assumes that economic growth is at least partly a function of stocks of knowledge in the form of human capital or the outcomes of research and development (R&D) activities. The use of the term 'endogenous' is recognition that economic growth is influenced by the use of 'investment resources' generated by economies themselves, rather than the exogenous factors associated with traditional growth models. These early models are rooted in the work of Solow (1956; and Swan (1956) , which focused on physical capital and the supply of labour as the key sources of growth (Andersson and Karlsson, 2007) .
Despite contemporary theoretical developments in the field of economic growth, Aghion and Howitt (1998) suggest that there is a need to further widen our conception of the investment resources underpinning economic growth. At the regional level, it is similarly recognised that there is a need to better understand the mechanisms underlying regional growth patterns (Andersson and Karlsson, 2007; Capello and Nijkamp, 2009; Stimson et al., 2011) . Indeed, it is suggested that perhaps the most interesting implications of endogenous growth theory relate to the impact of the spatial organisation of regions on flows of knowledge. In particular, it is considered that differences in regional growth can potentially be explained by differences in the conditions for creating, accumulating and -crucially -transmitting knowledge (Roberts and Setterfield, 2010) . For instance, it is argued that increasing returns are realised through both the geographic and organisational processes resulting from localisation, and in time the spatial and economic diffusion of knowledge (Pred and Hagerstrand 1967; Storper, 2009 ).
The key aim of this paper is to propose that the inter-organisational networks underpinning the flow of knowledge within and across regions are a key capital input within regional growth processes. For this purpose, inter-organisational networks are defined as consisting of the interactions and relationships that organisations utilise to access knowledge beyond the market. The term 'organisation' is principally used to refer to firms, but also the wider spectrum of relevant actors, such as universities, within regional economies. Although there is a generally accepted view that inter-organisational networks provide the means for knowledge flow, there have been few attempts to incorporate the role of such networks within regional growth models. This paper seeks to not only address this issue, but also to move away from the view of knowledge spilling-over in a one-way direction from one organisation to another, to one in which knowledge flows in multiple directions through inter-organisational networks, within which knowledge is necessarily shared and exchanged. The paper argues that the economic growth of regions is partly a function of the value created through inter-organisational flows of knowledge.
Fundamentally, the paper proposes that the concept of network capital -in the form of investments in calculative relations through which organisations gain access to knowledge to enhance expected economic returns -should be incorporated into regional growth models. The notion of network capital has been increasingly discussed and developed in the literature in recent years (e.g. Huggins, 2010; Huggins and Johnston, 2010; Lawton Smith et al., 2012) , and provides a useful and necessarily specific means of conceptualising and incorporating the asset value of investments in inter-organisational networks into these growth models.
The network metaphor has become highly prevalent within the economic geography and regional economic development literature, with a vast body of work on notions such as global production networks (Olds and Thrift, 1997; Henderson et al; Coe et al, 2004; innovative milieu (Maillat, 1998a; 1998b) , regional innovation systems (Asheim and Isaksen, 2002; Doloreux, and Parto, 2005) , and clusters (Porter, 1998; Wolfe, and Gertler, 2004; Malmberg and Power, 2006; Huber, 2011) , suggesting the relevance of networks to economic growth and performance. While these studies often apply the network concept in a broad manner, few have sought to apply it in a more formal and constrained way, which would allow for a more precise rendering of the potential role of networks within regional growth processes. Through the concept of network capital, the paper develops a more formal model that captures the value of networks within these processes.
The remainder of the paper is structured as follows: section 2 provides an outline of the key features of endogenous growth models in the context of regions. Section 3 critiques the associated literature related to knowledge spillovers and the requirement for absorptive capacity; section 4
proposes that the notion of inter-organisational networks offers an important mechanism for analysing knowledge flows within and across regions; section 5 proposes that inter-organisational networks are a form of capital -termed network capital -that help explain patterns of innovation and growth; section 6 proposes that the nature of knowledge accessed through networks will be an important factor determining the value organisations accrue from their network capital; section 7
proposes the inclusion of network capital measures within analyses of regional growth ; section 8 provides a discussion of some of the key issues relating to the proposition that regional growth is a function of the network capital stocks of respective regions; with section 9 highlighting some concluding comments and remarks.
Regions and Endogenous Growth
As indicated above, economic growth rates are increasingly considered to be dependent on endogenous factors, with most treatments commonly assuming that economic growth is partly a function of either stocks of human capital -as proposed by Lucas (1988) , or R&D -as proposed in Romer (1986 ) model. Romer (1986 , for instance, specifies a model of long-run growth in which knowledge is assumed to be an input into production that has increasing marginal productivity.
In a more recent treatment Ha and Howitt (2007) propose a general model for growth based around a Cobb-Douglas production function. In equation 1 below this has been adapted to account for a regional economy. In this case, it is assumed that regional output (Y) is a function of the physical capital (K) and the effective labour force in the region. The effective labour force is then determined by the labour available in the region (L), the human capital of the labour (h), and the productivity of this labour (A), which can also be considered as the level of existing knowledge within the region.
Regional output in region r in period t:
Where: rt K is the physical capital stock of region r in period t rt A is the level or knowledge/productivity in region r in period t rt h is the human capital stock in region r in period t rt L is the stock of labour in region r in period t α is the relative importance of physical capital in the production process
The output function is assumed to have constant returns to scale, with the growth rate of outputas shown in equation 2 -being determined by the growth of the different stocks of labour, physical capital, human capital and the rate that productivity increases.
Regional growth in region r in period t:
In this model, human capital is assumed to be a function of the schooling received. Given that the model is based on a regional economy, where flows of labour in and out of the economy are likely to be relatively larger than those for a nation, this model incorporates the possibility of education being obtained outside the region, rather than just from schooling (equation 3). It is possible, therefore, under the conditions envisaged by, for example, Florida (2002) that a region's policymakers may be able to influence this net flow of human capital into the region by making the region an attractive place to live. srt is years of schooling originating from inside the region (r) qrt s is years of schooling in region r originating from outside the region (region q ≠ r) θ is the relationship between years of schooling and human capital ϕ is the relationship between years of schooling from outside the region and human capital
In this case, human capital growth equates to:
Under neoclassical growth theory, the growth rate of productivity/technological advancement/ or knowledge is assumed to be exogenous. This means that the steady state growth rate is a function of the population growth rate. However, endogenous and semi-endogenous models (which additionally also account for population change) assume that knowledge growth is determined endogenously, with growth being a function of the inputs into the knowledge creation process Ha and Howitt (2007) outline a general model that incorporates the neoclassical, first generation fully endogenous, second generation fully endogenous and semi-endogenous growth models as special cases. The general model -with equation 6 highlighting a regional treatment-allows R&D inputs into the knowledge production process, the range of products produced, and the current level of knowledge to enter the function (although restrictions on the coefficients attached to these variables may mean they have no influence on the knowledge growth rate).
General model of knowledge/productivity growth:
In the steady state:
Xr are R&D inputs being used in region r Qr is the range of products being produced in region r σ is the coefficient that determines the importance of R&D inputs φ is the coefficient that determines the returns to scale from knowledge β is a coefficient representing product proliferation.
This model makes clear that endogenous growth is considered to be driven by technological change arising from intentional investment decisions made by profit-maximising agents, with the stock of human and knowledge capital -and investments in such capital -determining the rate of growth (Romer, 1990; Ha and Howitt, 2007) . As valuable as these growth models are, they do not take full account of the investment firms and other organisations in regions make in accessing knowledge from other actors both in their region and beyond. In sections 3-6 a theoretical review and analysis of this potential oversight is presented along with suggestions as to potential solutions. Section 7 returns to the regional version of Ha and Howitt (2007) growth model to explore the incorporation of network capital as measure of the capacity and capability to access economically beneficial knowledge.
Knowledge Spillovers
Prior to the focus on endogenous modes of growth, the analysis of regional growth and long-term differences can generally be traced to the neo-classical approaches associated with Borts and Stein (1964) , and more seminally Marshall (1890) , which eventually led to a new emphasis on the role of increasing returns as proposed by Kaldor (1970) and others (Roberts and Setterfield, 2010) .
Knowledge in these models is usually considered to be a public good that frequently 'spills over' to other organisations, allowing others to reap where they have not necessarily sown (Acs et al, 2009 ).
In endogenous growth models, knowledge is also considered to spillover to other organisations, resulting in the generation of increasing returns (Roberts and Setterfield, 2010) . In this case, however, knowledge is not in fact considered to be a purely public good, but one that is at least partially excludable -such as through the use of intellectual rights -given that organisations often consider there to be incentives for investing in its creation. Similarly, models seeking to explain innovation outputs, such as patents, are based on a knowledge production function in which organisations (i.e. firms) intentionally pursue new economic knowledge as a means of generating innovation (Griliches, 1979; Audretsch, 2000) . This pursuit is generally considered to consist of the appropriation and exploitation of the knowledge spilling over from other organisations (other firms, universities and the like).
Despite these theoretical developments, endogenous growth theorists throw little light on the mechanisms by which knowledge is transmitted across organisations (Storper and Venables, 2004) , suggesting the need for a research agenda identifying the role that investments in spillover conduits make in generating economic growth (Audretsch and Feldman, 1996) .
Knowledge spillovers can generally be defined as the continuum between pure knowledge spillovers that are uncharged, unintended and not mediated by any market mechanism, and rent spillovers consisting of externalities that are at least partially paid for (Andersson and Ejermo, 2005) .
Importantly, knowledge spillovers are increasingly conceptualised as a regional phenomenon, resulting in an enhanced focus on regions as key units through which economic growth can be best understood (Audretsch and Lehmann, 2005; Ó hUallacháin and Leslie, 2007) . A seminal study by Audretsch and Feldman (1996) finds that innovative activity tends to geographically cluster more in knowledge-intensive industries where knowledge spillovers play a decisive role. Although such industries tend to exhibit a geographic concentration of production activity, clustering of their innovation activities tends to be even greater.
Whilst endogenous regional growth can be considered the desired outcome of knowledgebased development and innovation, it is argued that the process of 'endogenous development'
underpins the growth trajectories of regions (Maillat, 1998a; 1998b; Garofoli, 2002; Vázquez-Barquero; . The principles of the endogenous development school of regions are rooted in the role that factors such as collective learning and cooperative behaviour play in the establishment of an innovative milieu -or what some refer have referred to as 'technopoles' (Castells and Hall, 1994) , 'industrial districts' (Capello, 1999) , or 'clusters' (Porter, 1998) -facilitating knowledge flow and new knowledge creation. As Garofoli (2002) argues, endogenous development primarily concerns the capacity to innovate and produce 'collective intelligence' in a localised environment, which explicitly recognises the relevance of diffusing, accumulating, creating and internalising knowledge. In this sense, the region itself acts as an organisational form of coordination facilitating sustainable competitive advantage (Courlet and Soulage, 1995; Maillat, 1998a; Lawson and Lorenz, 1999; Garofoli, 2002) .
The centrality of knowledge spillovers within processes of endogenous development is evident in the way through which, for example, cluster boundaries are defined (Porter, 1998) . As
Porter argues, 'drawing cluster boundaries is often a matter of degree, and involves a creative process informed by understanding the most important linkages and complementarities across industries and institutions to competition. The strength of these "spillovers" and their importance to productivity and innovation determine the ultimate boundaries' (Porter 1998: 202) . Although it could be argued that agglomeration forces beyond technological development will also play a significant role in delineating cluster boundaries, it is clear that the extent of knowledge spillovers are also of significance in shaping these boundaries, as well as forming the basis of a cluster's overall innovativeness (Huggins and Izushi, 2011) .
Clearly, a key dimension of spillovers is geographic distance, with the general argument being that knowledge spills over more easily within regions than at a distance (Jaffe et al., 1993) .
This suggests that local organisations may often be embedded in regional knowledge channels (Breschi and Malerba, 2001; Breschi and Lissoni, 2009; Krätke, 2010) , with ready access to local public or private research institutes and universities being facilitated through local knowledge flow routes (Mueller, 2006) . However, while organizations may benefit from local knowledge spillovers as an undirected and spontaneous 'buzz' (Storper and Venables, 2004) , they may also need to consciously build non-local 'pipelines' to tap into knowledge from outside their region (Bathelt et al., 2004) . For instance, knowledge spillovers are found to be greater in the presence of knowledge investments, and vice versa, with those regions possessing high knowledge investments experiencing a higher level of knowledge spillover -with inter-regional spillovers contributing significantly to regional knowledge production (Bathelt et al., 2004) . Therefore, despite the recognised importance of spatial proximity to network development, there is an increasing emphasis on the importance of understanding networks and knowledge flows in an environment that is simultaneously local and global (Simard and West, 2006; Andersson and. Karlsson, 2007; Lorentzen, 2008; Van Geenhuizen, 2008; Maggioni and Uberti, 2009; Broekel and Boschma, 2011; Laursen et al, 2011) . In particular, globalisation and technological progress are considered to spur openness in the innovation process across the globe by expanding the extent of the market, allowing for increased divisions of labour and providing new ways to collaborate and coordinate across geographical distances (Gassmann, 2006; Drejer and Lund Vinding, 2007; Moodysson, 2008; Crevoisier and Jeannerat 2009; Trippl et al., 2009; Dahlander and Gann, 2010) .
In general, a growing base of evidence suggests that knowledge is increasingly flowing across geographic clusters, resulting in heightened global knowledge connectivity. This has led some to question the view that tacit knowledge transfer is confined to local milieus, arguing that firms source tacit knowledge from selected providers located outside the local milieu by investing in the building of new channels of communication (Wolfe and Gertler, 2004; Fontes, 2005; Gertler, and Levitte, 2005; Fitjar and Rodriguez-Pose; . It is suggested, therefore, that although knowledge spillovers may take place across regions, it is usually through more selective routes (Audretsch and Feldman, 1996; Audretsch and Lehmann, 2005; Bode, 2004) .
Knowledge may have the potential to spill over from one organisation to another, but knowledge access or acquisition is dependent on cumulative processes whereby 'new' incoming knowledge is utilisable only when there is the necessary complementary knowledge already in place in the receiving organisation (Döring and Schnellenbach, 2006) . This is considered to require the development of absorptive capacity, defined as the ability to recognise the value of new, external knowledge, assimilate it, and apply it to commercial ends, i.e. the process of innovation (Cohen and Levinthal, 1990 ). Absorptive capacity is often history-dependent and reflects how much an organisation has invested in the area of expertise it specialises in, and is largely reliant upon an organisation's investment in innovation efforts (Cohen and Levinthal, 1990; Zahra and George, 2002) . This indicates that accessing knowledge depends not solely on the availability of external knowledge and sources, but also on factors internal to organisations. Absorptive capacity is mediated by the wider environment in which an organisation competes and operates, with organisations that are part of economic systems and networks such clusters and innovation systems more likely to be characterised by strong absorptive capacity (Van den Bosch et al., 1999; Giuliani, 2005) . This suggests that knowledge is not in fact diffused evenly 'in the air', but flows principally through a core group of organisations with advanced absorptive capacities (Giuliani and Bell, 2005; Malecki, 2010a; Ter Wal and Boschma, 2011) . Therefore, as well as being an organisational-level trait, absorptive capacity also possesses regional-level characteristics, with high absorptive capacity regions having an above average proportion of organisations with advanced capacities.
Inter-Organisational Networks and Knowledge Flow
Converse to knowledge spillover models, models of cumulative causation consider knowledge to be a private good that is utilised by a clearly confined group of users (Myrdal, 1957; Döring and Schnellenbach, 2006) . However, as Döring and Schnellenbach (2006) argue, both the knowledge spillover and cumulative causation theses can be criticised to some extent for their lack of realism.
In an effort to reify an understanding of the nature of knowledge flow, and perhaps better align knowledge spillover and cumulative causation theories of growth, the role of inter-organisational networks as facilitators of knowledge flow has increasingly come to prominence across the economics, geography and management fields (Zucker et al., 2007; Tappeiner et al., 2008; Maggioni and Uberti, 2009; Bergenholtz and Waldstrøm, 2011; Colombo et al., 2011) . Inter-organisational networks in this sense are defined as consisting of the interactions and relationships organisations (principally firms) utilise to access knowledge beyond their market relationships. In other words, these networks consist of the means by which knowledge flows across organisations beyond the direct purchasing of it. As others have noted, inter-organisational networks of this kind generally come into being due to markets for knowledge being rare, since -with the exception of knowledge protected by property rights, such as patents and copyrights -they are difficult to create due to inherent asymmetry in the existing knowledge base of buyers and sellers (Arrow, 1971; Grant, 1996; Maskell, 2000; Audretsch and Keilbach, 2008; Malecki, 2010a) . Inter-organisational networks, therefore, are increasingly found to act as a conduit facilitating the flow of skills, expertise, technology, R&D and the like (Andersson and Karlsson, 2007; Weterings and Ponds, 2009 ).
Organisations clearly utilise considerably more knowledge than that which they have themselves created (Storper, 2000) , and the key reason underlying inter-organisational knowledge flows is the search for 'lacking knowledge', which is not necessarily limited by geographical boundaries or a trusted base of existing local contacts (Weterings and Ponds, 2009; Torre and Rallet, 2005) . Conversely, everything is not necessarily connected to everything else (Martin and Sunley, 2007) , with the evolution of networks consisting of the processes whereby new nodes connect to existing nodes (Boschma and Frenken, 2006) . Cooke (2009) aptly cites Penrose's comments concerning the role of connectivity as a firm-level resource: '[T]he rapid and intricate evolution of modern technology often makes it necessary for firms in related areas around the world to be closely in touch with developments in the research and innovation of firms in many centres' (Penrose 1995, p. xix) . As Cooke (2009) notes, the concept Penrose says she would have used to denote this shift had it been available in 1959, when her seminal work on 'The Theory of the Growth of the Firm' was first published, is that of knowledge networks.
Although there is a generally accepted view that networks provide the means for knowledge flow, there have been few attempts to incorporate the role of such networks within regional growth models, with the regional growth literature continuing to focus on one-way spillovers of knowledge rather than that flowing in multiple directions through inter-organisational networks. As Asheim and Gertler (2005) indicate, knowledge does not flow uni-directionally, but multi-directionally through networks. Organisations, therefore, utilise inter-organisational networks to manage flows and access knowledge to enhance expected economic returns. In particular, inter-organisational networks are an important aspect of the innovation process, with network scholars stressing that innovation is a complex process often requiring knowledge flow between organisations. (Meagher and Rogers, 2004, Lichtenthaler, 2005; Sammarra and Biggiero 2008) . Increasingly, this process is viewed as a systemic undertaking, i.e. organisations no longer innovate in isolation but through a complex set of interactions with other organisations (Chesbrough, 2003) .
It is through the networks underpinning these systemic processes that organisations access knowledge that they cannot, or do not wish to, generate internally. It is possible to distinguish two general forms of inter-organisational network: (1) contact networks, through which organisations source knowledge; and (2) alliance networks, through which organisations collaborate to innovate.
Networks in the form of alliances usually concern formalised collaboration and joint ventures, and other relationships resulting in frequent and repeated interaction. Organisations gain advantages from networks by accessing the knowledge of the organisations in their network. This means that the advantage organisations are potentially able to gain is dependent upon the knowledge profile of their network (Stuart 2000; Ireland et al. 2002; Grant and Baden-Fuller 2004) .
A key feature of most of the extant network literature concerning alliance networks is the focus on 'repeated' and 'enduring' (Podolny and Page 1998) or 'sustained' (Huggins, 2001) interactions or relationships. Converse to alliances, contact networks consist of non-formalised interaction and relationships between organisations. The structure of these networks is often more dynamic, as organisations continually update and change their contacts (Burt 1992; Huggins 2000 Huggins , 2001 McEvily and Marcus 2005; Grabher and Ibert 2006; Trippl et al., 2009) . Contact networks can be considered to be a particular form, or subset, of the type of wider contact systems facilitating the flow of resources and economic development within and across regions (Thorngren, 1970; Malecki, 1989; Anselmo de Castro and Jensen-Butler, 2003) . For both alliances and contact networks, the focus of the network is on accessing, rather than acquiring, knowledge. This is consistent with the knowledge-based view of the firm, which considers inter-organisational networks as principally a means of utilising the knowledge of others, rather than necessarily seeking to internalise such knowledge within the organisation (Grant and Baden-Fuller 2004) .
In general, inter-organisational networks are considered to be a crucial element underlying the economic growth and success of regions (Asheim et al. 2003; Bathelt et al. 2004; Rutten and Boekema 2007; Brökel and Binder, 2007) . In particular, it is argued that the existence of established spatially proximate inter-organisational networks are one of the key reasons why a number of the most successful regions throughout the world have become or remained more competitive, and grown faster, than those that have not adopted a networked approach (Storper 1997; Lawson and Lorenz 1999; Huggins 2000; Owen-Smith and Powell 2004; Knoben and Oerlemans 2006) . It is argued that networks within these leading regional economies are able to mobilise and fully develop the knowledge residing within regional organisations through interorganisational networks, and to provide feedback loops ensuring the continuation of high levels of innovation (Bresnahan and Gambardella 2004; Crescenzi 2005; Garnsey and Lawton Smith 1998; Goman 2000) . Similarly, research on agglomeration economies has indentified 'communication externalities' as an important factor that sits alongside externalities pertaining from human capital (Charlot and Duranton, 2004; .
Network Capital
The aim of this section of the paper is to argue that along with the acknowledged components of growth models -such as human capital, R&D, physical capital, and labour -the inter-organisational networks facilitating the flow of knowledge should also be considered as a key capital input or resource underpinning growth processes. It is proposed that the investment in calculative relations through which organisations gain access to knowledge to enhance expected economic returns is itself a form of capital, which can be termed network capital (Huggins, 2010; Huggins and Johnston, 2010; Lawton Smith et al., 2012) .
Some scholars have pointed to networks endowed with social capital -in the form of interpersonal relationships -as a key lubricator of knowledge spillovers (Iyer et al., 2005; Tura and Harmaakorpi, 2005; Hauser et al., 2007; Lorenzen, 2007; Walter et al., 2007; Tappeiner et al., 2008; Cantner et al., 2009; Vorley et al., 2012) . In its fundamental form, social capital concerns the capacity and capability of individuals to mobilise their network to enhance personal returns usually within place-bound environments. Others have utilised the allied concept of relational capital, consisting of the values of individuals operating within a particular local or regional milieu, as leading to contributions to innovation and production through social investments in trust and reciprocity within this milieu (Kale et al., 2000; Crevoisier, 2004; Capello, 2002; Capello and Faggian, 2005) .
Although social or relational capital may explain a degree of knowledge flow within a particular region, it does not necessarily account for the large proportion of the follow of economically beneficial knowledge (Bathelt et al, 2004; Weterings and Ponds, 2009; Huber, 2011) . As Lin (2001: 17-18) argues, social capital is an "investment in social relations by individuals through which they gain access to embedded resources to enhance expected returns". In other words, social capital is a social and individually held capital. Most commonly, social capital consists of the perceived value inherent in individual and inter-personal networks and relationships generated through socialisation and sociability as a form of social support (Borgatti and Foster 2003) .
This leaves us with the question of how to understand and analyse the relational assets held by organisations, rather than those of individuals. The network capital concept is rooted in the recognition that the leveraging of inter-organisational networks is an asset that can be shaped by organisations, and is generated by investments in calculative relations. This is significantly different from the type of social or relational capital stemming from the social norms and customs present in a particular region (Capello and Faggian, 2005; Tura and Harmaakorpi, 2005) . These social norms and customs are embedded in the social environment, and the trustworthiness of any environment is often tacit and specific to each community (Iyer et al., 2005; Lorenzen, 2007) . However, as Putnam finds, although communities, especially business communities, are now more networked than ever, they actually possess less social capital, and 'in some ways social capital may be economically counterproductive' (Putnam, 2000, p. 322) .
Network capital consists precisely of the capacity and capability of organisations (principally firms) to access knowledge from other organisations to enhance expected economic returns.
Network capital, therefore, is a relational asset stemming from strategic inter-organisational networks designed specifically to facilitate knowledge flow, innovation, and to accrue economic advantage for organisations.
Networks concern investments in 'interaction capability', and as intangible capital structures should be analysed as capital objects (Westlund, 1999) . As Westlund and Nilsson (2005) argue, 'when these investments are made in social networks, it is logical to say that they amass a form of 'social capital'' (p. 1081). However, when organisations deliberately invest in networks, these networks are different from social networks as they concern the development of relationships which Williamson (1993) refers to as 'calculative', since they consist of actions motivated by expected economic benefits (Hite and Hesterly, 2001; Belussi and Sedita, 2011) .
The notion of network capital is a response to the increased recognition that interorganisational networks can be considered a strategic resource for firms (Mowery et al., 1996; Dyer and Singh, 1998; Madhaven et al., 1998; Lorenzoni and Lipparini, 1999; Kogut, 2000; Gulati, 2007) .
Notably, research stemming from the field of strategic management has proposed an extension of the resource-based view of the firm to account for external network capabilities (Lavie 2006; Gulati, 1999; Gulati, 2007; Gulati and Gargiulo, 1999; Gulati, Nohria and Zaheer, 2000) . Oliver (1997) suggests that two types of rationality are at play within organisational resource selection processes: economic rationality based on systematic and deliberate decision processes oriented towards economic goals; and normative/social rationality based on habitual and unreflective decision processes embedded in norms and traditions. The source of network capital is rooted in an economic rationality, whereby organisations invest in establishing 'calculative' networks to access the knowledge they require. The mechanisms through which network capital are established are based on a business and economic logic, whereby access to knowledge is sought as a means of increasing economic returns. This is consistent with the view that 'profits' from social capital and social networks are not usually 'consciously pursued' by the actors within a network (Bourdieu, 1986) . The distinction between different forms of network behaviour is not new, and has a long history in sociological studies. Max Weber, for instance, distinguished 'communal'
(Vergemeinschaftung) relationships, based on subjective feelings, from 'associative'
(Vergesellschaftung) relationships, based on rational judgments and expectations, as well as action predicated on 'custom' (Sitte) or a purely rational orientation (zweckrational) (Weber, 1968) . In contrast to social networks, calculative networks provide greater resource availability (Hite and Hesterly, 2001 ). Network capital is likely to be highly significant to organisations as they seek to access and exploit knowledge.
While social capital is essentially a place-based social network phenomenon (Capello and Faggian, 2005; Westlund and Bolton, 2003; Rutten et al. 2010 ) rooted in theories of physical proximity, and dense matrices of social relations (Lorenzen, 2007) , network capital is less spatially bounded in its dimensions, encompassing to a greater extent the value of networks formed in a global environment, whereby interactions are increasingly flexible, dynamic and ephemeral (Monge and Contractor, 2003) . For instance, the concept of 'temporary clusters', whereby strategic network building occurs through conferences, trade fairs, exhibitions and the like, highlights the importance of network capital and access to knowledge through global pipelines Bathelt and Schuldt, 2008; Power and Jansson, 2008; Torré, 2008; Rinallo and Golfetto, 2011; Schuldt and Bathelt, 2011) .
The concept of 'local buzz' (Storper and Venables, 2004) , on the other hand, usually refers to the presence of social networks that are to a large extent localised and are not usually consciously established with the goal of obtaining certain knowledge, although this may occur as a by-product (Weterings and Ponds, 2009 ). Participating in this local buzz does not usually require particular investments, as this form of knowledge exchange is more or less automatically received by those located within a region's relevant social and economic spheres, with much of the knowledge stemming from such social networks unlikely to be economically useful (Bathelt et al, 2004; Weterings and Ponds, 2009 ). The notion of network capital is more attuned to capturing the role of networks as strategic evolutionary systems, with trajectories which change along with the resources they accrue (Glückler, 2007a; Kilduff and Tsai, 2003; Monge and Contractor, 2003) .
The Nature of Accessed Knowledge
This section of the paper proposes that the value of network capital is related to a number of key traits concerning the types of knowledge organisations are able to access through their interorganisational networks. In particular, it is argued that the value of network capital will be determined by the superiority, excludability, and miscibility -the capability to mix and combine different types of knowledge from different sources with their own knowledge stocks -of the knowledge they are able to access through their inter-organisational networks as a means of facilitating innovation. As indicated above, innovation is considered to be at the heart of competitive advantage attainment for both organisations and places and, as Callon (1999) argues, 'what marks innovation is the alchemy of combining heterogeneous ingredients: it is a process that crosses institutions, forging complex and unusual relations between different spheres of activity, and drawing, in turn, on interpersonal relations' (p. 2, cited in Amin and Cohendet, 2004) . For organisations, this means the capability to combine and consolidate knowledge (Prahalad and Hamel, 1990 ).
In Schumpeterian terms (Schumpeter, 1934) Knowledge can be generally defined as information that changes something or somebody, either by becoming grounds for action or by making an organisation capable of different or more effective action (Drucker, 1989) . More generally, knowledge is broadly used as a scientific notion for the most important and dynamic driver of modern economies. Unlike simple information, knowledge concerns action and is function of a particular stance (Nonaka and Takeuchi, 1995) . Of course, knowledge takes many different forms, with one of the most familiar typologies suggesting that knowledge is either explicit/codified or tacit. In general, explicit knowledge refers to information that can be easily communicated and acted upon among individuals, whereas tacit knowledge -such as skills, competence, and talents -is more difficult to directly communicate to someone else in a verbal or other symbolic form (Huggins and Izushi, 2007; Nonaka and Takeuchi, 1995) . More codified forms of knowledge are usually considered to be relatively less space sensitive than tacit knowledge (Bathelt et al., 2004) . Reductions in transport costs and improvements in communications are considered to have increased access to codified knowledge, rendering it less important as a source of competitive advantage. Tacit knowledge, on the other hand, is considered not to travel well, making it a key factor underlying 'the geography of innovation' (Asheim and Gertler, 2005) .
More granulated knowledge typologies include Blackler's (2002) distinction between embrained knowledge (conceptual skills and cognitive abilities), embodied knowledge (practical thinking rooted in specific contexts) (Lam, 2002; Lam and Lundvall, 2006) , encultured knowledge (meanings and shared understandings resulting from socialization), embedded knowledge (systemic routines), and encoded knowledge (signs and symbols). These forms highlight the potential problems in accessing knowledge due to its intangible, non-standardized, and inseparable nature (Howells, 2012) .
According to Antonelli (2008) , the first major shift in the economics of knowledge occurs when the notion of knowledge as a public good is challenged, and knowledge becomes regarded more as a quasi-private good with higher levels of natural appropriability and exclusivity. Knowledge is now usually viewed as a collective process characterised not only by partial appropriability and shared property rights, but also by the role of the intentional effort, participation and contribution of interactive agents (Antonelli, 2008) . In this line, Audretsch and Lehmann (2005) refer to the knowledge filter, which is the gap between new knowledge and that which Arrow (1962) refers to as economic knowledge or commercialisable knowledge. This knowledge requires intentional and often complex efforts to access and assimilate. Indeed, knowledge, but especially combinatorial knowledge, underlies the complexity of economic systems (Jensen et al., 2007; Martin and Sunley, 2007; Mattes, 2011) .
The notion of combining knowledge through miscible flows -i.e. the extent to which different types and forms of knowledge can be combined and mixed to create value -is similar to Romer's (1996) idea of creating new recipes from existing knowledge. As Storper and Scott (2009) argue 'knowledge has a tendency to grow indefinitely, for it can be endlessly re-used, is extremely leaky (and hence its circle of users continually expands), and can be combined and recombined in virtually unlimited ways.' (p. 148). In this sense, value is created when there is a 'collision' of knowledge. Network actors receive a greater proportion of the value created the 'nearer' -in a cognitive sense (Boschma, 2005) -they are to the collision.
The successful recombining of existing knowledge in novel ways through networks (Nelson and Winter, 1982) involving knowledge 'collisions' and 'transpositions' (Powell and Grodal, 2005) is an example of the effective miscibility of knowledge. Similarly, combining different fields of knowledge creation, such as technology fusion (Kodama, 1992) , represents effective knowledge miscibility (Cantwell, 2005) . According to Quatraro (2010) , knowledge is the outcome of a combinatorial search activity carried out across a technological space in which combinable elements reside. In this sense, miscibility will be based upon rates of knowledge coherence and variety (Frenken et al., 2007; Boschma et al, 2009; Quatraro, 2010) . In many ways, the notion of the miscibility of knowledge harks back to Schumpeter's (1934) insight that innovation results from the carrying out of new combinations. Similarly, it underlines the role of networks as the catalysts of the type of institutional layering, conversion, and recombination of knowledge that Martin (2000) argues are key features of the dynamic processes of path dependence.
The excludability of knowledge will be compromised if it is allowed to 'leak' outside a particular network. 'Sticky' knowledge is considered to be that which is difficult to move, while leaky knowledge refers to the undesirable flow of knowledge to external sources (von Hippel, 1994; Brown and Duguid, 2001 ). Without effective network management knowledge may leak more freely out of a network than productively within it (Teece, 1998 , Fleming et al. 2007 ). Effective network management, through strategic and intentional investment in relationships, i.e. network capital building, is a mechanism for ensuring that value is captured rather than lost through interorganisational networks (Lichtenthaler, 2005; Teece, 1998) . Similarly, the superiority of knowledge In general, the search for superior knowledge means there is an increasing focus on the dynamic nature of networks and their changeability, heightening the importance of indirect ties and the need for the on-going reconfiguration of networks (Gargiulo and Benassi 2000; McFadyen and Cannella 2004; Levine 2005; Bathelt and Turi, 2011) . As Gulati (1999) argues, networks are dynamic and change over time, which suggests that networks require diversity in the types of investments made. Unless diversity is sustained, in the long-run networks may reduce heterogeneity through the articulation of shared norms, standards, and rules of conduct among organisations (Oliver 1997; Monge and Contractor 2003) . Although stable networks may reduce the potential costs of network capital, it is likely that as knowledge becomes increasingly homogeneous and less useful across network actors, the value of network capital may well erode (Maurer and Ebers, 2006) . Network capital investments may become ineffective if there is knowledge equivalence between organisations due to similarities in knowledge profiles, which results in network redundancy (Cowan et al., 2004) . These inertial network forces highlight the issue of over-embeddedness, whereby the actors an organisation is best connected to may not be best placed to provide solutions to current problems (Krackhardt, 1994; Monge and Contractor, 2003; Maurer and Ebers, 2006) .
Network Capital and Regional Growth
In the preceding sections the key theoretical arguments underlying the concept of network capital have been articulated. This section now explores how network capital can be more formally employed within regional growth models, based on the theoretical insights presented above.
Returning the regionalised version of Ha and Howitt's (2007) general growth model outlined in section 2; in this model it is assumed that R&D inputs take the form of labour employed in research occupations alone. Based on the propositions raised above, however, it is suggested that network capital also plays a role in acting as a key component in terms of the R&D-related inputs. If constant returns to scale are assumed, additional inputs acquired from network capital can only be fully utilised where additional R&D labour is employed. In other words, increasing either R&D staffing levels or network capital alone will have diminishing returns.
Therefore, R&D inputs in region r can be represented as follows:
vXr is the proportion of the labour force of region r employed in science and technology research activities.
Wr is network capital stock in region r ψ represents the relative importance of R&D labour as an R&D input
In order to further model the role of network capital it can be assumed that it can be categorised into two broad forms: (1) networks associated with connections within the local region r; and (2) networks associated with non-local connections. The unit of local and non-local network capital is assumed to be the same since it is determined by the connections and value to organisations with region r. This means that in both cases it is measured in terms of total value to organisations in the region, rather than some objective measure which needs scaling by source. It is also assumed that network capital takes an additive form (equation 8). There is a case for total network capital being determined by a multiplicative relationship between network capital sources, where different types of knowledge might be complementary (Bathelt et al., 2004; Andersson and. Karlsson 2007; Lorentzen 2008; Van Geenhuizen 2008) , but there is no reason to assume that this is the case for all regions.
Total network capital:
Where:
WL,r is local network capital (connections within region r) WNL,r is non-local network capital (connections with organisations in region q ≠ r)
Local network capital is assumed to be a function of the connections of organisations within region r and the value of such connections to these organisations. Keller (2002) where complementarities between knowledge sources result in each additional connection having greater importance. However, it is more likely that the redundancy of knowledge will actually lead to diminishing returns for individual organisations (γ < 1) (McFadyen and Cannella, 2004; Goerzen and Beamish, 2005) . However, as a form of regional system there may also be increasing returns from connections (υ > 1), where the region as a whole performs more strongly as knowledge circulates at a faster rate, allowing the faster diffusion of innovation (Breschi and Lissoni, 2001) . It is possible that individual organisations may suffer from knowledge redundancy, whilst the region as a whole benefits, so many well-connected organisations may generate more network capital compared to a few very well connected organisations. υ is a coefficient representing any returns to scale experienced by the region as connectivity increases.
Based on the propositions outlined in section 6, the average value of the connections is assumed to be a function of the average superiority, excludability, and miscibility of the accessed knowledge. It is also assumed that the current level of human capital affects the average value of connections, based on those studies that have noted the importance of absorptive capacity in benefiting from network connections (Cohen and Levinthal, 1990; Van den Bosch et al., 1999; Giuliani, 2005; Crescenzi, 2005) . In other words, value is determined by the capability to use accessed knowledge, rather than it being based on its compatibility with existing knowledge. If the latter were the case, the current level of knowledge, rather than human capital, would be the relevant variable. The value function does not necessarily exhibit constant returns to scale; in fact this is unlikely given the work on the resource-based view of the firm (Barney, 1991) , which argues that resources are required to have multiple characteristics if they are to provide value for the firm.
In the case of local connections, their value consists of: Non-local network capital will be formed in the same manner. The main difference is that connections will not be double counted, as connections will be only counted from region r's organisations and not the non-local organisations with which they are connected.
Non-local network capital: r NLs V , is the superiority of the knowledge associated with the non-local connections.
r NLe V , is the excludability of the knowledge associated with the non-local connections.
r NLm V , is the miscibility of the knowledge associated with the non-local connections.
In this form the formation of connections is costless. Therefore, any region would encourage organisations to generate as many connections as possible. This would increase the output of knowledge resources and increase the steady state growth rate. The only limit would be the number of connections that could be formed. A more realistic assumption is that forming/maintaining connections requires resources in the form of foregone production (Grabher, 2001; Bathelt et al., 2004) . This cost of connection maintenance would be expected to display increasing costs of production:
Zit is organisation i's output that is foregone to maintain connections.
This foregone output may be measured in terms of the proportion of labour in the region dedicated to these activities. If it is assumed that the same proportion of labour is foregone in maintaining connections within each organisation, and there are constant returns from connections both at the organisational and regional level (γ = υ = 1), the R&D inputs equation becomes:
Where vLCr is the proportion of region r's labour dedicated to maintaining local network connections. vNLCr is the proportion of region r's labour dedicated to maintaining non-local network connections.
This means that the implications are the same as those laid out by Ha and Howitt (2007) . If the appropriate model is that of semi-endogenous growth (which takes account of population change) the proportion of labour dedicated to R&D inputs will only have temporary effects. However, if the Schumpeterian second generation fully endogenous model of growth is appropriate, the long run growth rate will be influenced by the proportion of labour dedicated to R&D inputs, either in terms of employment within science and technology activities or in terms of maintaining connections. The most appropriate division of labour will be determined by the value of network connections locally and non-locally compared to direct inputs.
Discussion
The above section has sought to provide some insights as to how network capital can be formally incorporated into future analyses of regional growth. The following section discusses some of the implications of a network capital perspective on regional growth for regional development theory more generally.
As network capital is an asset that is co-owned across the organisations involved in particular networks -with knowledge flowing in multiple directions across the organisations -it is clear that the location of these organisations will influence the output regions accrue from these networks. For instance, if all the knowledge flowing through a network consists of organisations based in the same region, it is likely that all the benefits will accrue to this region. If some organisations are based in another region, it is likely that some of the benefits of this knowledge flow will also accrue to this other region. To an extent, network capital has some resonance with the concepts of network externalities (Katz and Shapiro, 1985; Yeung, 2000; Glückler, 2007b; Martin, 2010) , whereby greater access to flows of knowledge through networks increases the economic value of these networks, whilst also recognising that the value accrued will be related to the nature of the knowledge accessed. From the perspective of economic literature, network capital also chimes with endogenous growth theory's focus on the role of investment in intangible assets (Lucas, 1988; Romer, 1986 Romer, , 1990 Ha and Howitt, 2007) . From the perspective of the economic geography and development literature, a network capital perspective suggests that processes of endogenous development are in fact much more porous across regional boundaries, similar to the acknowledgement that agglomeration forces are never entirely locally bounded (Phelps, 1992) . In particular, geographic clustering and industrial agglomeration theory is increasingly encompassing more diffuse forms of agglomeration, especially with regard to the type and geographic scale at which external economies become manifest, and the extent to which these are shared across regions and localities (Phelps and Ozawa, 2003; Phelps, 2004; Malmberg and Maskell, 2006) .
In terms of the defining features of knowledge, with the exception of the most economically leading regions across the globe, it is likely that the most superior and excludable knowledge will be accessed from outside a region, while the most miscible knowledge is more likely to be contained within the region (Weterings and Ponds, 2009; Belussi and Sedita, 2011) .
Increasing evidence suggests that many organisations do not acquire their knowledge from within regionally proximate areas, particularly those based upon innovation-driven growth where knowledge is primarily sourced internationally (Davenport 2005) . Furthermore, it is considered that the constraining effect of distance on knowledge flow and transfer is gradually diminishing (Johnson et al., 2006; Tracey and Clark 2003) . This knowledge is often necessarily superior to that available locally, resulting in improved performance.
As Singh (2005) finds, simply being in the same locality is often of little benefit for diffusing knowledge from creators to other actors in a locality, with there being a need for networked interaction between these actors. Similarly, Watts et al. (2003) find that many firms in close proximity do not necessarily share face-to-face interactions through either social or business contacts, reducing the scope for knowledge transfer. Even in those locations possessing a knowledge rich environment there is evidence of a greater role being played by non-localised networks (Athreye, 2004; Bathelt et al., 2004; Doloreux, 2004; Garnsey and Heffernan, 2005; Saxenian, 2005; Simmie, 2004; Broekel and Boschma, 2011) . This suggests that propinquity is not enough, with recent empirical evidence finding that high innovation and growing firms source knowledge more frequently, especially from overseas locations, and are more likely themselves to act as a source of knowledge for overseas companies .
As Boschma and Ter Wal (2007) assert, innovation is not a matter of being in the right place, but more about being a member of the right network, with too much reliance on local knowledge networks and sources being potentially harmful for innovation. Weterings and Ponds (2009) find that long-term contacts are not necessarily helpful in overcoming the uncertainty of more distant knowledge flows, nor are they more likely to be established within a region despite the higher frequency of face-to-face inter-organisational interactions. They also find significant differences in the characteristics of regional and non-regional inter-organisational knowledge flows, and whilst regional knowledge flows are characterised by a higher number of face-to-face contacts, knowledge exchanged through non-regional knowledge flows is found to be more valuable (Weterings and Ponds, 2009) . Indeed, there is a growing school of thought that non-proximate actors are often equally, if not better, able to transfer complex knowledge across such spatial boundaries, providing a high-performing network structure is in place (Davenport 2005; Dunning 2000; Lissoni 2001; McEvily and Zaheer 1999; Palazzo 2005; Zaheer and Bell 2005) .
This indicates that the types of inter-organisational network existing across regions, and the
nature of the knowledge flowing through these networks, will impact on levels of regional growth.
Therefore, the growth of a region cannot be modelled in isolation, but must be considered in relation to the networks existing across regions. At a regional level, localised flows of knowledge may result in a higher proportion of the output distributed across networks being captured and retained within a particular region i.e. by local organisations. However, limitations in the appropriateness of knowledge accessible through localised pools means that access to appropriate knowledge may be inversely related to the geographical proximity of appropriate knowledge sources. Of course, organisations in each region may also possess network connections with organisations in other regions. In Figure 2 illustrative inter-regional network connections have been added onto the intra-regional network connections shown in Figure 1 . Under this scenario -i.e.
taking both intra-and inter-regional network connections together -Region D has the highest density of connections, and Region A the least. Also, based on the assumption that the value accrued from inter-regional networks connections is equally shared by organisations in each respective region, Region D has the largest number of high value network connections, and Region A the least.
Therefore, taking intra-regional -local network capital -and inter-regional network connectionsglobal network capital -together, Region D possesses the highest level of overall network capital.
The inter-regional connections shown in Figure 2 highlight the potential network interdependency that can exist across regions. This suggests that regions with many shared inter-regional connections, such as those that are spatially adjacent, may evolve with growth rates that are relatively aligned due to the value each accrues through their shared network capital.
Figures 1 and 2 About Here
As indicated above, even organisations located in globally-leading clusters of knowledge are increasingly accessing knowledge through more global communities, rather than rely on their home base. New patterns of knowledge sourcing serve to illustrate the notion of an economic geography that is as spiky as it is flat (Florida, 2005; Friedman, 2005; Huggins, 2008) . This spikiness is typified by the existence of key and leading concentrations of knowledge-based economic activity within a limited number of regional locations (Hoekman et al., 2009 ). These regions, however, are increasingly connected through the networks resulting from the internationalisation of markets and the broadened scope of knowledge networking activities. According to Malmberg and Power (2006) 'knowledge in clusters is seldom created through local inter-organizational collaborative interaction….in a localized cluster the majority of firms tend to have most of their important suppliers and customers somewhere else and innovation and knowledge creation tend to follow value chains that are most often global'. Contrary to Porter (1990) , if the local market does not have the most sophisticated customers, firms are required to look for them elsewhere. Von Hippel (2005) highlights how markets and user-led innovation in a number of industries, such as design, are becoming increasingly international in scope.
As Rodríguez-Pose and Crescenzi (2008) indicate, knowledge will spill over beyond regional borders as a consequence of the existence of different forms of inter-regional contacts, with flows of inter-regional knowledge acting as important agents of innovation. They further find that accessibility to extra-regional innovation is positively associated with regional growth performance, with the 'amount of knowledge' available in a region reinforcing the effect of local innovative activities (Rodríguez-Pose and Crescenzi, 2008) . Similar results are produced by Badinger and Tondl (2002) , who find that an inflow of knowledge has a positive impact on the growth of a region, with this effect having a larger magnitude if neighbouring regions also exhibit high growth rates. Also, Andersson and Karlsson's (2007) analysis finds that differences in regional growth rates can be explained by differences in knowledge accessibility within and across regions.
Importantly, inter-organisational networks are not formulated within a social and personal vacuum, but are based on factors such as the migration and mobility patterns of individuals (Agrawal et al., 2006) . Saxenian (2006: 6) describes the role of what she terms the 'new argonauts' -or global entrepreneurs connecting advanced and developing economies, which 'are undermining the old pattern of one-way flows of technology and capital from the core to the periphery, creating far more complex and decentralized two-way flows of skill, capital, technology', resulting in the rapid development of cross-regional connections and communities. The key aspect of these developments is that the knowledge base of the world's most advanced regional economies is no longer necessarily local, but positioned within global knowledge networks, connecting clusters and their actors (Wolfe and Gertler, 2004; Huggins and Izushi, 2007; Lundquist and Trippl, 2011) .
This shift towards the requirement to increasingly access knowledge from the global base represents both opportunities and challenges for regions that have traditionally possessed relatively sparse local knowledge bases. If applicable knowledge is available locally, organisations may attempt to source and acquire it; if it is perceived as unavailable, they will look elsewhere (Kingsley and Malecki 2004) . Also, while organisations with low levels of absorptive capacity (Cohen and Levinthal 1990) tend to network locally, those with higher absorptive capacity are often more connected to global networks (Drejer and Lund Vinding 2007) . This is perhaps to be expected, and illustrates the importance of internal knowledge absorption capacity on external knowledge network development. It also helps explain why organisations with relatively low knowledge absorption capacities tend to be reliant on more localised networks, and why non-local knowledge flows may alleviate processes of lock-in (Asheim and Isaksen, 2002; Weterings and Ponds, 2009 ).
In essence, the growth of regions will result from the balance between their stocks of both local and global (i.e. non-local) network capital. However, as illustrated by Figure 3 , regions may achieve different growth trajectories through different forms of network capital investment. For instance, in the top left quadrant high growth may be achieved through high levels of investment in local network capital, manifested by a high density of regional inter-organisational networks with high stocks of valuable knowledge. This approach resembles that commonly associated in the past with regions such as Silicon Valley, Route 128, and the Italian industrial districts (Saxenian, 1994; Benner, 2003; Bresnahan and Gambardella, 2004; Mancinelli and Mazzanti, 2009 ). An alternative growth approach is one based on high levels of investment in global network capital (bottom left quadrant), through investments in high value cross regional inter-organisational networks. As Fundamentally, a key driver of regional growth consists of the capability of organisations in a region to access and subsequently utilise appropriate economically beneficial knowledge. According to Storper (1997) , 'the status of the region is now not merely as a locus of true externalities, but -for the lucky regions -as a site of important stocks of relational assets'. In this sense, network capital can be considered a key form of relational asset that distinguishes Storper's (1997) 'lucky' from 'unlucky' regions, as well are forming part of the territorial capital of regions, which includes not only relational assets but the wider set of natural, human, and organisational assets underpinning regional competitiveness (Camagni and Capello, 2010; Capello et al., 2011; Camagni and Capello, 2012) .
Finally, it Interesting to note that there is some empirical evidence at a national level which suggests that Romer-type endogenous models do not conform very with well with actual growth rates, mainly due to the assumption that R&D actors in an economy share the whole stock of its knowledge (Huggins and Izushi, 2007) . If network capital were to enter the equation it may provide more exactness in measuring the extent to which knowledge is actually shared.
Conclusion
The overall conclusion of the paper is that regional growth is partly a function of the network capital stocks of respective regions. This network capital is determined by the nature of the interorganisational networks within and across regions, and the nature of the knowledge accessed through these networks. Theories of regional development based on endogenous development, agglomeration, clusters, and innovation systems implicitly suggest that organisations located in successful regions utilise their network capital as a means of ensuring economic success. High growth regions will possess organisations with high stocks of network capital allowing them to access the most economically beneficial knowledge. Organisations in less successful regions are more likely to have a dearth of network capital, resulting in knowledge access capabilities being restricted to the sourcing of relatively inferior knowledge, manifested by relatively inferior growth rates for the regions in which these organisations are located.
Although network capital can be of either a local or global nature, depending on the spatial scope of networks, there may be some interdependency between the two given that successful connectivity in global spaces is often the outcome of an initial system of localised interaction, whereby it is the knowledge crossing hallways and streets that initially catalyzes intellectual exchange and knowledge transfer across oceans and continents (Glaeser et al, 1992) . However, unless local networks keep abreast of knowledge emerging outside of their respective region, they run the risk of becoming rigid and outdated (Camagni, 1991; Izushi, 1997; Bathelt et al., 2004) .
Indeed, most regions are unlikely to be self-contained organisational communities possessing all the knowledge they require to innovate and penetrate new markets.
The notion of network capital is an attempt to capture the importance scholars have given to the relational assets approach to explaining regional development, whereby such development is theorised to be significantly embedded in local and global networks (Bathelt and Glückler, 2003; Yeung, 2005; Lorentzen, 2008) . In this sense, Storper's (1997) 'holy trinity' of relational assetstechnology, organisations and territories -can be adapted to knowledge, inter-organisational networks, and regions. Principally, it is argued that knowledge is at the heart of achieving sustainable regional growth and, as Quatraro (2010) suggests, the creation of new knowledge brings about new variety within the economic system, which provides the basis for 'restless economic growth' through recombinant knowledge approaches to innovation. Similarly, there is growing evidence that inter-organisational networks are related to the innovation capabilities and growth of firms (Freel, 2000; Davenport, 2005; Knoben and Oerlemans, 2006; Knoben, 2009) , with further evidence showing that the innovation performance of firms is significantly related to network capital investment in dynamically configured networks (Huggins et al., 2012) .
From a policy perspective, a key challenge for regions is to build their stock of network capital, ensuring an appropriate balance between more local and global stocks. As Nooteboom (1999) argues, public policy should not necessarily be oriented towards particular firms or other organisations, but to enabling linkages between them. Policy interventions targeted at the development of network capital have generally been found to be more effective in core and leading regions, which is unsurprising given that they are likely to already possess higher stocks upon which to build (Huggins, 1998; . Therefore, regional economic development policy in lower growth regions must become better attuned to supporting organisations in enhancing their network capital.
Such regions should seek to establish high functioning inter-organisational networks through which they are able to access appropriate knowledge. As Antonelli (2008) states, the structure of networks affects the flow and availability of knowledge, which in turns affects the value generated by networks.
A key issue often overlooked in the relevant literature, especially policy-based literature, is the nature of the knowledge sourced by organisations and their ability to assimilate this knowledge.
For instance, if organisations within a region are unable to assimilate knowledge from their internal base with that accessible from other organisations, there is a potential role for intervention in the form of policies that act as an 'emulsifier', allowing different types of knowledge to be more effectively combined.
From both a public policy and organisational management perspective, it is important to note that whilst the underlying premise of a network-based perspective on regional growth relates to the potential benefits of inter-organisational networks, there is the possibility of negative impacts. Most crucially the possibility that regions or organisations leak more knowledge from their networks than they actually gain, suggesting the need for 'spillover control' to manage unwanted leakage (Nooteboom, 1999) . This further indicates the need for a greater understanding of the role of 'trade-offs' relating to the perceived value of the inward and outward flows of knowledge through networks (Allen, 1984; Brass et al., 2004 ).
More generally, there is a need for further evidence on the costs of investing in, and sustaining, network capital. Clearly, knowledge does not flow rapidly and costlessly around the globe (Grossman and Helpman, 1994) and, as Malecki (2010b) argues, the globalisation of knowledge has added costs as organisations communicate across national, cultural, and linguistic boundaries.
Therefore, the costs of establishing and sustaining inter-organisational knowledge flows are likely to rise with geographical distance, resulting in the requirement for different forms and levels of network capital investment (Weterings and Ponds, 2009 ). 
